SUMMARY We examined the relation between the daily numbers of deaths ascribed to sudden infant death syndrome (SIDS) (n = 6226) and daily temperature in England and Wales over the five year period . When the data were filtered to remove the dominant seasonal trend, and residual autocorrelation, we found a significant negative correlation of deaths with both the level and rate of change of temperature four to six days earlier, irrespective of age at death. Place of usual residence was obtained for 909 SIDS cases occurring during the unusually severe winter of 1981-82, and, using space-time clustering techniques, we confirmed previous findings of the lack of 'epidemicity' for this condition. These results are compatible with several previous hypotheses of the relation between the weather and SIDS and directly incriminate drops in temperature in the occurrence of the condition.
The general epidemiological features of the sudden infant death syndrome (SIDS) are well described.' They are remarkably consistent for a condition that is diagnosed by exclusion, and whose aetiology is controversial. One very characteristic feature of these infant deaths is that in both northern and southern hemispheres SIDS exhibits marked seasonal variation, although whether this is equally true of deaths occurring above and below the age of 3 months is disputed. Of the many hypotheses of the cause of SIDS, important contenders to explain this winter excess, broadly consistent with the other major epidemiological features, include associated upper respiratory tract infections, exposure to low environmental temperatures or, somewhat paradoxically, overheating.2
This characteristic winter excess of SIDS was unusually pronounced in the first quarter of 1982 in England and Wales. The increase was sufficiently large for the postneonatal mortality rate in 1982 to rise above the 1981 level before falling again.34 Inspection of the Office of Population Censuses and Surveys (OPCS) data revealed that there had also been a large number of SIDS deaths in the last quarter of 1981. Although this peak was not apparent in Scotland, this death toll was the highest in England and Wales since 1971 when the term SIDS came into general use as a cause of death, and it coincided with an unusually severe winter. The rise was not due to an increase in births in 1981 affecting the numbers of infants at risk, did not appear to be an artefact of changing fashions of certification whereby the diagnostic label SIDS has been increasingly used since 1971, and was apparent over all England and Wales. Data obtained from the Communicable Diseases Surveillance Centre, which monitors the level of laboratory confirmed infection, showed that by comparison with the winters of 1980-1 and 1982-3 there was no plausible relation between the pattern of SIDS deaths and any apparent viral epidemics, with the possible exception of rotaviruses. This association between an increase in SIDS cases and a severe winter suggested again the need to investigate the importance of temperature in the occurrence of SIDS.
Methods
Since 1971 it has been OPCS practice to identify not only deaths where the underlying cause was coded to SIDS (795 ICD 8, 798-0 ICD 9) but also those deaths where another underlying cause has been certified but the phrase 'sudden infant death', or similar, is mentioned somewhere on the certificate. Statistics on SIDS are routinely published in this way, and it has been believed that this practice more accurately reflects the toll of SIDS. 5 Daily occurrences of these 'total SIDS mentions' and their age at death were extracted for the continuous period' January 1979 to 31 Because the daily data have a highly skewed distribution, the numbers of deaths on each two consecutive days were pooled. The temperatures for the first day were used and the square root of the deaths was taken to stabilise the variance. The principal technique involved fitting separate harmonic models of the form yt = a cos (wt -b) + c (with w = 2x/365 and a, b and c allowed to vary from year to year) to the deaths and temperature data for each year.9 The phase of each sinusoid was estimated by b, and the temporal relation between the peaks of deaths and troughs of temperature was thus assessed. This is illustrated schematically in figure 1. Then, having removed the dominant seasonal trend as a sinusoid from both the death and temperature series, we used 
group.bmj.com on June 22, 2017 -Published by http://jech.bmj.com/ Downloaded from Sudden infant death syndrome and environmental temperature: an analysis using vital statistics maximum temperatures and deaths after the dominant seasonal trends have been removed from both series. For each of the five years there is a modest but persistent negative correlation between temperature and deaths occurring two to six days later. Figure 4 shows that, in aggregate this correlation is highly significant for maximum and minimum daily temperatures alike. While cross correlations at other lags are significant within some of the years, no other consistent relation between the series was found. The findings were very similar when both early deaths (under 3 months) and late deaths (over 3 months) were analysed separately.
For each year the residuals for deaths and temperature were plotted against one another, with deaths lagging temperature by four days. Inspection of the graphs revealed the negative correlation, with no evidence of any asymmetry (x 2 = 1-66, p > 0-3), ie, low temperatures were followed by an increase in deaths and high temperatures by a fall in deaths, four days later.
In a separate modelling exercise we examined whether the results hold true equally in summer and winter. Having filtered out the seasonal differences, we found little evidence that the correlation between that in all cases the peak of the daily deaths precedes the trough of minimum daily temperature (and unusually the trough of the maximum and mean as well). The death cycle usually peaks at the beginning of January whereas the lowest temperatures usually occur towards the end of the month. It is also the case that the peak of early deaths (under 3 months) usually precedes the peak of later deaths (3 months to 1 year).
Although not shown here, the results of the crossspectral analysis showed good agreement with that provided by harmonic analysis. An annual cycle showed the best fit to the data and the peak of deaths preceded the troughs of maximum, minimum, and mean temperature at all ages at death, the peak of deaths at younger ages preceding that for older ones.
Phase analysis from the harmonic model 46 While an unknown proportion of the SIDS mentions used in our analysis will have been false positives, and some true SIDS cases will have been omitted, we think it is unlikely that the consistency of our results over five seasonal cycles can be explained by the diagnostic bias ofcertifiers confronting infant deaths soon after a fall in temperature.
The second limitation of the study arises from the nature of the temperature data used. To what extent are daily temperatures, recorded outdoors in central London, a valid representation of the indoor and outdoor temperatures experienced by the SIDS infants across England and Wales? The importance of this perhaps depends on precisely which hypothetical mechanism is proposed. Outdoor temperatures probably follow the same general pattern throughout the country, but the indoor environmental temperature may be successfully buffered and controlled so as to 'uncouple' it from outdoor temperature and conditions. A recent study in this country has suggested that, in fact, indoor temperatures do fall when outdoor temperatures do so.47 More obliquely, comparisons of the geographic incidence of SIDS among climatically dissimilar communities have suggested that the incidence is 70 higher in those with large seasonal temperature changes, though the results are inconsistent.13 23 48 It has also been suggested that international variation in the abolition ofmarked seasonal swings in deaths at all ages as well as in infancy is dependent on a greater or lesser ability to control the indoor temperature. Judged on this basis, inhabitants of England and Wales are still subject to the vagaries of their climate within their homes. 49 In conclusion, we feel that the evidence presented here convincingly supports a relation between the occurrence of SIDS and a fall in temperature. Further research to clarify this relation is needed, by casecontrol studies of the microenvironmental temperature of SIDS cases at the time of death and in the period preceding their occurrence. Meanwhile it would seem appropriate to remind parents of the wisdom of avoiding, wherever possible, both chilling and/or paradoxically overheating their infants.
